Vaccines would be the ideal tool for control, prevention, elimination, and eradication of many infectious diseases. However, developing of parasites vaccines such as malaria vaccine is more complex than developing vaccines for viruses and bacteria in terms of their biology including their much larger genomes than viruses and bacteria and they having multiple stages of life cycles. 2 There are many different approaches for development of malaria vaccines. Malaria vaccines can be categorized into 3 broad categories representing the 3 life-cycle stages in the human host: pre-erythrocytic, blood-stage and transmissionblocking vaccines. 3 The current vaccine development pipeline is relatively diverse in each stage of parasite lifecycle 4 (Table 1) . Several candidate malaria vaccines are progressing through clinical trials 5, 6 and many more are in pre-clinical development. The most advanced malaria vaccine candidate RTS,S, a preerythrocytic vaccine, has been recommended for licensure by EMEA and is the first vaccine to undergo large-scale phase 3 evaluation in Africa. [7] [8] [9] [10] [11] [12] This vaccine, RTS,S/AS, is based on the hepatitis B surface antigen virus-like particle (VLP) platform, genetically-engineered which include the carboxy terminus (amino acids 207-395) of the P. falciparum circumsporozoite (CS) antigen. 13 The hybrid malaria-hepatitis B VLP is formulated with GlaxoSmithKline's AS01 adjuvant, a mixture of liposomes, MPL and QS21.
14 This vaccine induces humoral and cellular immune responses to the CSP present on the surface of sporozoites and liver stage schizonts. 15 In a phase 3 randomized, controlled trials in children and young infants at 11 African sites from March 27, 2009, through January 31, 2011, overall, 8,923 children and 6,537 young infants were enrolled. All randomized children and young infants were included in the ITT population, while 6,885 (77%) children and 6,003 (92%) young infants were included in the per-protocol population. 16 The range of RTS,S/AS01 vaccine efficacy (VE) against all episode of clinical malaria in per-protocol population aged 5-17 months was 39-50% that was higher than children aged 6-12 mo (23-30%). In addition, the VE in intention-to-treat (ITT) population in this age was higher in children aged 5-17 (38-49%) than 6-12 mo groups (23-30%) ( Table 2, Table 3 ). The range of RTS,S/AS01 VE against all episode of severe malaria in per-protocol population aged 5-17 months was 35-47% that was higher than children aged 6-12 mo (15-38%). In addition, the VE in intention-to-treat population in this age was higher in children aged 5-17 (34-44%) than 6-12 mo groups (8-28%) ( Table 4, Table 5 ).
VE against clinical malaria in both per-protocol and intention-to-treat population aged 5-17 mo was 39-50% and 23-30%, respectively. Its efficacy against severe malaria in both populations was 39-50% and 23-30%, respectively. However, lower VE against clinical malaria and severe malaria in both populations in children aged 6-12 mo was seen (Tables 2-5 ).
There are several malaria vaccine candidates either preerythrocytic stages or the blood stage of the parasite life cycle are under clinical development.
1 RTS,S has demonstrated clinical efficacy against both infection and clinical malaria in several well-designed phase II field efficacy trials in both adults and children. [10] [11] [12] [17] [18] [19] In July 2015, RTS,S/AS01 was recommended for licensure approved by the European Medicines Agency for immunization of children aged 6 weeks to 17 months against malaria. RTS,S/AS01 provided protection against clinical and severe malaria, over an 18-mo follow-up period among infant and children at first vaccination across a wide range of malaria transmission settings. 16, [21] [22] [23] Although the efficacy of most common vaccines is in excess of 70-80%, the worldwide magnitude of the malaria problem justifies the pursuit of such vaccines, even if the efficacy of these vaccines is only about 30-50%. 3 The big challenge currently exist is the development of a malaria vaccine. Vaccine developers are faced with several problems with malaria due to residing of this organism in the peripheral-blood compartment and its circulation alongside of immune cells and proteins, 24 the antigenic variability of the parasite and the lack of reliable and predictive animal models. 25 RTS,S/AS01 vaccination provides relatively little protection in infants and the higher rate of efficacy noted in older children decreases rapidly. 20, 21 Possible reasons for the lower efficacy of RTS,S/AS01 include immunologic immaturity in neonates, interference from maternal antibodies, and prior exposure to malaria. 24 Many reviewers agree that the formidable task of malaria eradication will not be accomplished with RTS,S vaccine alone. 26 As previously stated, the prospect of a lack of enduring protection remains a major disadvantage of this vaccine approach. 26 It was reported that sterile immunity can elicit through a vaccine due to the lack of real natural immunity to malaria. Therefore, these vaccines might be suitable for cases with before-quoted clinical immunity to decrease the burden of disease. 26, 27 On the other hand, from an economic point of view, this vaccine might not attain wide approvals worldwide due to its low efficacy. This approach is much less cost effective compare with scaling up malaria treatment and vector control programs. 26 Moreover, it seems unlikely that a vaccine intervening at one stage of the parasite's life cycle will successfully disrupt the entire life cycle each. 26 Moreover, there are some issues about safety of the vaccine. An unexplained excess of meningitis cases has been reported in the RTS,S group. 28 Since the sex differences in all-cause mortality both clinical trials and experimental animal models have been reported, further reports into how the RTS,S vaccine is associated with greater mortality in girls should be rigorously studied. 29 Due to the lack of highly efficacious vaccine approach to date, vector control programs, including insecticide-treated bed nets, artemisinin combination therapies and insecticides, should continue apply. 26 It has been reported that Transmission-blocking vaccines (TBVs) in combination with poorly efficacious pre-erythrocytic vaccines or blood-stage vaccines might increase the efficacy of the RTS,S vaccine by blocking of infection from mosquito to human. (TBVs) target the entry of sexual stage into the Anopheles stephensi mosquito thereby preventing transmission. 30 However, they would not block disease in the vaccine recipients directly and can reduce the prevalence of malaria in a population complementing current vector control strategies. 30, 31 Although the performance of RTS,S/AS01 vaccine was disappointing in sub-Saharan African children, the potential In the per-protocol analysis, participants have received 3 doses of RTS,S/AS01 or control vaccine and 3 doses of co-administered vaccine (DTPwHepB/Hib and OPV) according to protocol procedures. Case definition for clinical malaria: Documented fever as defined by axillary temperature measurement 37.5 C and parasite density above threshold derived using recent historical data appropriate to age by logistic regression method with sufficiently high specificity for all sites in a multi-site trial (a minimum of 80%).
of short-term efficacy of this vaccine could be used in other regions and other age groups. There are global efforts on elimination of malaria particullarly in Southeast Asian areas with high antimalarial drug resistance. 20 Therefore, integration of RTS,S/AS01 into elimination strategies might be useful to improve the chances of success.
In conclusion, the efficacy of RTS, S/AS01 vaccine in infants is relatively low, and the vaccine apparently will not meet the goal of malaria eradication by itself. A malaria vaccine would be an important tool for preventive and treatment measures, but it needs further well-designed longterm studies before it's introduce as a vaccine in the Expanded Programme for Immunizations. Since there are many vaccine candidates in the pipeline 1 that are being evaluated in vaccine trials, further study on using of alternative parasite targets and vaccination strategies are highly recommended.
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